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流頂坎（Ice Harbor Weir）流況為較不適合魚類上溯之表面流（streaming flow）流況，但不影
響其提供魚類上溯或下降之功能。 
關鍵詞：豎孔式魚道、FLUENT、數值模擬、表面流、上溯。 
Examining the Flow Pattern Suitability of Fishway Design 
in Ma-Ann Dam by FLUENT 3-D Simulation 
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ABSTRACT Most rivers in Taiwan are steep and fast flowing, with extremely 
different seasonal discharges due to unevenly distributed rainfall. For hydropower 
generation or water resource purposes, weirs across river are usually built to 
facilitate water intakes, which may block the pass of fishes. As a result, fishways are 
important to help fish species pass the constructed structures and maintain their 
population and good genes. Good design of the fishway is a key element to it being 
successful. 
In this study, a three dimensional flow simulation model, FLUENT, was 
employed to simulate flow patterns and its three-dimensional velocity fields in a 
particular fishway with pool type in a hydropower dam in Da-Jia river, central 
Taiwan. Measurement data, by other people, in a physical model was used for 
verification and comparison. To have a convergent numerical solution, local 
refinement of computational grid size around all openings, such as orifices, is needed. 
The grid size should at least be smaller than half the narrow width of each opening. 
The upper or lower boundary will affect the flow pattern up to its near-by four pools 
in sequence. Therefore, at least ten pools are required in the simulation to have a 
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central pool which is unaffected by either the upstream or downstream boundary. 
The simulated results show the averaged velocities at all openings are less than 
the upper-limit design flow-velocity, which is 1.5 to 1.7 m/sec. Within the pool, the 
flow pattern is stable and no significant circulation or up-lifting flow occurs, which 
might make the fish in the pool lose their way. Only the free surface flow across the 
Ice Harbor Weir indicates a streaming flow pattern, which is not suitable for 
surface-type fish to rest after each jump. Enlarging the longitudinal distance does 
not improve this drawback. 
Key Words: vertical slot fishway, pool type fishway, FLUENT, numerical simulation, 
streaming flow, sail upstream. 
 



































ˆ =  (1) 
其中： tQˆ 代表無因次流量（過渡流況取 tQˆ 為 0.25）、
wQ 為通過頂坎之流量、 g為重力加速度、S 乃水位差











圖 1 水池式魚道三種流況 
















時為 0.6 cms。馬鞍壩水池式魚道全長為 144 m、內
寬 2.30 m，整體魚道可分為上游直線段、轉彎段與下
游直線段三段，坡度約為 5 %（如圖 2 所示）。全程
每隔 2 m 設置一高 5 m 之隔板（總共 72 個隔板），
每一隔板上設有 0.5 m × 0.5 m 的中央潛孔
（Orifice）、0.2 m × 0.6 m 的右側潛孔（Slot A）、
0.2 m × 5 m 的左側垂直豎孔（Slot B）以及距離渠
底 4 m高 0.32 m × 1 m的右側溢流頂坎（Ice Harbor 





圖 2 馬鞍壩魚道示意圖（俯視圖） 





圖 3 隔板開孔示意圖（正視圖） 
Fig.3 Diagram of open holes on partition of the 
fishway of Ma-An reservoir (front view) 
 
圖 4 隔板開孔示意圖（俯視圖） 
Fig.4 Diagram of open holes on partition of the 





















類皆可在隔板上下游水位差（ hΔ ）小於 0.2 m 時溯
游，因水位差大於 0.2 m 時，潛孔流速（ hgΔ≈ 2 ）
將過大不利魚類上溯，故建議池堰式魚道隔板上下游





度可達 0.3 m 以上，故針對跳躍式之迴游魚類其
隔板上下游水位差可採用小於 0.3 m 之標準。 
(2) 流速：若針對大甲溪魚類之游泳特性進行分析，
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面積為 0.2 m × 0.6 m，故在魚道隔板各開孔網格節













式中 cellΩδ 為控制體積的大小， waterΩδ 則是控制體
積內水的體積。當 F=0 表示控制體積內充滿了空氣；





場涉及重力設定，壓力項則採用 Body Force 



































)''(1 υρ  
 (4) 
式中： ρ 為流體密度，υ為動力黏滯係數， ig 為重力









































































































































式中 k 為紊流動量、 ε 為紊流動能消散率，而模式之
參數值 09.0=μC ， 44.11 =εC ， 92.12 =εC ， 0.1=kC ，





































圖 5 網格設置示意圖（俯視圖） 






m、0.15 m、0.1 m 以及 0.05 m 四種案例時之模擬
結果進行比較。 
4. 魚道隔板數（總長度）模擬案例設計 
本研究以魚道內部隔板 6 個、魚道總長 14 m（每






於網格疏密部分，由圖 6 與圖 7 可知，網格節點


















圖 6 不同網格間距之流速比較（入流） 
Fig.6 Comparison of inflow velocity calculated by 
different grid size 
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圖 7 不同網格間距之流速比較（出流） 
Fig.7 Comparison of outflow velocity calculated 
by different grid size 
 
 
圖 8 不同隔板數之流速比較（入流） 
Fig.8 Comparison of inflow velocity calculated by 
different partition number 
 
圖 9 不同隔板數之流速比較（出流） 
Fig.9 Comparison of outflow velocity calculated 

















圖 10 中間潛孔流速分布（正視圖） 
Fig.10 Velocity distribution on the central orifice (front view)
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圖 11 頂坎位置流況（側視圖） 






均流速約為 1.37 m/s；中間潛孔平均流速約為 1.64 
m/s。表 1 為本研究之模擬結果與與馬鞍壩水工模型
試驗結果比較一覽表。兩者之條件皆固定上游進水口
水深為 4.3 m、流量為 1.992 cms，在水工模型試驗


















間距為 2 m 時，右側頂坎會發生表面流流況，本研究







件，進行隔板休息池間距分別為 2.5 m、3.0 m 以及
3.5 m 之數值模擬。由模擬結果可發現，隔板間休息
池間距愈大右側頂坎的跌水幅度會隨之增加，但其流












圖 12 當 L=2 m時頂坎流況（側視圖） 
Fig.12 Flow condition of the ice harbor weir when 
L=2.0 m (top view) 
 
 
圖 13 當 L=2.5 m時頂坎流況（側視圖） 
Fig.13 Flow condition of the ice harbor weir when 
L=2.5 m (top view) 














1.67 0.69 1.26 1.07 
 數值模擬流速 
(m/s) 1.64 0.85 0.91 1.37 




圖 14 當 L=3 m時頂坎流況（側視圖） 
Fig.14 Flow condition of the ice harbor weir when 
L=3.0 m (top view) 
 
 
圖 15 當 L=3.5 m時豎孔流況（側視圖） 
Fig.15 Flow condition of the ice harbor weir when 
L=3.5 m (top view) 
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